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Approach to Vehicle Systems Analysis

* Map models to end goals

Tech Targets Tool ¥1.
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Fuel Savings Summary
Lumesatve Rosuis
105883.76
8333675
15357.01

Consumption w/o NTY
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Petroleum Savings
Consumption Reduction 15.95
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Savings
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V¥ehicle Class
subcompact 315.38 Info

compact 4803.39 Info

midSizeCar 0.00

largeCar 2681.76

minivan 2856.29

smallSUWV 366,83

midSizeS LW 3507.85

larges LIy 127613

smallT ruck 473.38

standardT ik 0.00

cargoyan 0.00
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Vehicle Systems Analysis

Energy Security: Reduce Vehicle Oil Use

ADVISOR

Market Fuel Economy

7
D Penetration -

SUIid'I'a'rlull orks SaberGuide SINDA/FLUINT™

b

CoppIR 1R S, Aeaer? g, AT ST Pt

Electric Modeling Thermal Modeling

Packaging




Vehicle Issues and Modeling Solutions

<) Tech Targets Tool ¥1.0

Technical
Targets

TT Tool
7

Issues
Efficiency
Cost \ =
Performance ADVISOR

7 Thermal
P Management

Sold\Works Packaging
Safety }
Voltage regulation SaberGuide
Emissions

Configuration

SINDA/FLUINT™




Inverter Issues and Modeling Solutions

Electric Power
Modeling

/

\

Continuous Fluid
Dynamics (CFD)

S

Issues
Reliability

Efficiency Finite Element

o8 | Analysis (FEA)
Power quality \

Modularity
Thermal management
Packaging

Safety /
Voltage regulation

Equipment protection | Solid Modeling ‘
Islanding




What is a Automotive OEM company?

OEM

System Integration
- GM

- VW

- Toyota

1st Tier Supplier

System House
- Powertrain (ZF, GM Powertrain
- Power Supply (Robert Bosch

- Break (Conti Teves)

2nd Tier Supplier

Component

- Sensor (Delphi)

- Generator (Boschy
- CAN (Infineon)

Powertrain Electrical
Engine System Chassis Infotainment




Model Exchange

OEM

* Creates specification for parts and
models

* Requests models from suppliers

* Collects models and integrates
them to a subsystem

1st Tier Supplier

* receives specification from OEM
» testing of subsystem in OEM
Specification (model spec)

« Requests models for 2nd T

2nd Tier Supplier

» develops components
and sends them to 18

Powertrain
Engine

Electrical
System

Chassis

Infotainment




Full Design Process Coverage

Product Def. Development Production Prepa.

Topologies

Subsystems
Mixed-Technology Components
Harness

System Integration
Virtual Integration

HIL Integration




Common Design Cycle

In many cases

companies can
validate the system

performance only

very late in one cycle




Which Language to speak ?

Zontro Matrix
N~
Matlab

«
Zasy
A
ACSEN Eas)
%

1979 >

Microwave, Analog Control Systems Sampled Data Systems Digital Systems




Language Independence

Static Dynamic State

Lock-up table Frequency dependent Mixed-Signal
State Charts

* Physical/mathe-
matical equations
« Language
neutral

« HDL
e Language
dependent

MAST VHDL-AMS Other HDLs Archive




Possible Interfaces

Tesla Aseris
(& Fortran SystemStudio

Spice

Statemate
Coventor

MTI
Fusion

Maxwell

MAST Verilog

VHDL-AMS Matlab VCS

Hspice




Approach to Vehicle Systems Analysis

/ Link appropriate tools

ADVISOR: Powertrain

SaberGuide

~

Saber: Electricy

\ Optimize




Linking ADVISOR to Saber

ADVISOR Model [o= 7%

=sdo= conv W= COny Interactive Graphics total fuel used (gal)

Saber(uid

] C |

driﬁ.r cycle| wehicle =veh= y WY
gearbox =gh= . 7 fueal
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EI}{|E {Wh} == k "' =:III = CPC 1 =1

E}{Haust S5
Saber e

ADVISOR: Power frain
Saber: Electrical Modeling

e ~Battery |




SaberDesigner

Parts Library .
/ 30000 jinlert

]

E 73

A*x2+B*x+C=0

Hydraulic Saber MAST, VHDL-AMS,

b=y

Symbol ||'||
Placement

Thermal E":x:::r'l ||'. SaberHDL C, HSPICE

Mechanical
Magnetic
Ele_ct_rlcal Physical |||"'
Digital Units
Electronic

Equation Solver




SaberHarness

*Integrated wire
harness design
environment

«Concurrent design,
database integrity,
design rules checks

Links to 3D CAD

Generated
drawings from
database

Standard format
manufacturing
outputs

Functional Dasign Electrical Wiring
(SaberSkatch)

Simulation

(Saber) - -

Harness 2D Layout
(S aberBundlae)

3D Layout
(CATIA E3D/ProE)

_~

Manufacturing
Cutputs




Model Abstraction Level

* Depending on task different abstraction levels necessary

Abstraction Effects Accurac Simulation Modeling
Level y Speed Effort

Behaviour low high low
(functional)
Level

_/

|

Physical
Level

dyn. thermal,
‘ ripples,
spikes,...




[lll saberscope

Simulation and Measured Data Compared

Fle Edt Graph Tools Window Help

Measured

data shown
In Red and

Simulation
data shown

in Blue

Simulation Compared to Test Run
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ADVISOR's Dynamic Comparison of Simulations

Simuiation Controls

Time: | 346.2

B Car Graphics OniOff

Simulation Outputs
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What do we Mean by:

Integration of Math-based Tools

* Integration of the latest Computer Aided Engineering
tools with advanced design techniques to solve key
technical barriers and to accelerate the development
process. We work closely with industry to identify
technical challenges and provide innovative solutions.




Integration of Math-based Tools

+ Sampling from the NREL Tool Kit:

TRIZ & Topology Optimization for conceptual design

Parametric Behavioral Modeling CAD (not dimension but attribute driven
desighn)

Finite Element Modeling (implicit, explicit, VPG)

Multi-physics applications (structural/thermal, fluid/thermal,
electromagnetics,etc)

Optimization integrated with CAD & FEA

Design for 6-sigma using CAE (DFSS)

Probabilistic Design Methods (engineering quality into designs)
Experimental Design Techniques

Integration with Vehicle Systems Analysis tools

Engineering Resources and Computational Power Available at National
Labs




More Examples to Get You Thinking

FORD Think Mobility Design Optimization
Robust Design of Fuel Cell Stack
Power Electronics Cooling with Behavioral Modeling

Design For Six-sigma in Battery Thermal
Management

- Design of Experiments Techniques
for Road Load Reduction

- Catalytic Converter




Recent Applications for Integrating Math-based Tools

Petroleum Consumption, Technical Hurdles, Transfer to Industry



















Robust Designs of

Fuel Cell Components

-Thermal analysis
-Structural analysis
-Topology optimization

- High temperature stack

Behavioral Modeling for
Power Electronics Cooling

Design for Six-sigma
Techniques for
Battery Thermal
Management
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Robust Optimization reusable workflow template
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Transferring the Tools to Industrv

02ZFCC-51

Energy Efficient Battery Heating in Cold Climates

Reliability Based Optimization within the CAD
Environment
Andreas viahinos
Advanced Engineering Solutions, LLGC
Subhash kelkar
Faord Wotor Compary
Stefan Reh, Robert SeCaur, Steve Rilz

Andreas Vlahinos, Ph.D.
fincipal, Advanced Engineering Solutions

02IBECA-28
Ahmad A. Pesaran, Ph.D.
. Hational Renewable Energy Laboratorny

Designing For Six-Sigma Quality with Robust Optimization
using CAE

Andreas Vlahinos, Ph.D.

AMSYS InC. Frincipal, Advanced Engineering Solutions, LLC ] ) )
d will take a while to warm up to provide
I Subhash G. Kelkar, Ph.D. fore aption 1 may notwak fast enough.
Abstract Staff Technical Spedalist, Ford Motor Compamy there iz energy in the battens, drawing
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this process is still exemited by deploying t . . . . . T .
ancommodate potentially comtradictory desi Body-in‘White Weight Reduction via Probabilistic Modeling of &) First International Conference on
life ayele, and envivormmental impacts is bed i iati &é . . .
Fe e Manufa[:‘lurlng Variations ASME International Fuel Cell SClence‘ Eng|nee”ng and Technology
techmically less adept competitors. 1 E
. April 21-23, 2003, Rochester, New York, USA
fndreas Wahinos, PR O.
PFArndpa , Aduenced Erglree ing Solulons, LLG
Subhash Kekar, Fh.O. EFFECT OF MATERIAL AND MANUFACTURING VARIATIONS
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Robust Design of a Catalytic Converter with Material and
Manufacturing Variations Andreas Vlahinos', Kenneth Kelly*, Jim D' Aleo®, Jim Stathopoulos®,
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ABSTRACT of . The p design process
has not been widely used bscause it has been  [fU0 M ASQ TECHNICAL American Society for Quality
A design is robust when the performance targets have inimidating and tedious due to its complexity.
been achieved and the effects of variation have been . . . PAPER SERIES
minimized without eliminating the causes of the In this research effort, probabilistic medeling of
wvariation such as manufacturing tolerances, matedal manufacturing and material variations for a catalylic
properties,  enwironmental temperature,  humidity, t bstrate was idered. Typical shapes of
operational wear ete. In recent vears several robust catalylic converter substrates are shown in Figure 1.
design concepts have been introduced in an effort to The substrate used in this study has a eylindrical cross
obtain opimum designs and minimize the variaton in section and is encloged in a cylindrical steel cover. If
the product characteristics [1,2].  In thiz study, a the substrate iz not a perfect cylinder the steel cower
probabilistic design  analysiz was performed on a applies a non-uniform pressure along the circumference.
catalytic I bstrate in order to determine the ing that the maximum diameter of the substrate
required manufactuing tolerance that results in a robust is @y, and the minimum diameter is @y, we can H H H i H
design.  “adation in dreolarity (roundness) and the characterize the wvariation in circularity or roundness & Empowerlng E ngl neers to Generate Slx Slg ma
ulimate shear stress of the substrate material were with their difference & = @y - Ty Due to I.t D -
considered. The required m turing tol for a m turing wariations & is considered a random input Q
robust design with 12 and 2 sigma quality levels was wariable. ua I y eSlgr|s
determined. The same manufacturing tolerance for a
reliability based design with reliability levels of 5%,
0% and 95% was also determined and compared. The FE
methadology for implementing robust design uzedin this
re_search effort iz summarized in a reusable wodlow "
diagram. Andreas Vlahinos
Advanced Engineering Solutions, LLC
INTRODUCTION
Robust design is a methodelogy that addresses produst Kenneth Kelly, Ahmad Pesaran & Terry Penney
quality izzues early in the design oycle. The goal of Matinnal Renawahlae Fnerav | aharatans




Press & Analyst Community

"Engineering Quality into MACHINE

Digital Functional Vehicles," DES]G“
IDPS2002, 2002 June 2002

September 002

"Mixing CAD with simulation “ESkmll [ll!lmﬂﬂl'i“ﬂ‘

FRE Al tia

gives designers new power" | >

MIXING CAD WITH SIMULATION

September 2002 Machine | geeeses 5 [
Design Magazine L

"The Probability of Optimum
Design" October 2002
Desktop Engineering
Magazine

MACHINE DESIGN

"The Probability of Quality"

March 2003 Desktop daratech

Engineering Magazine IDP82002
Intelligent Digital

CAD .m:__ A dialog bax from P1C's Behavioral

| modeling extension shows the
oplimization selup with a goal of
minimum weight. The lowser portion
showes design variables and their
limits for a box beam. Optimization
is easily substituted for a sensitivity
study that determines and plots ef-
Tects of any Pro/E design variable to
the natural fraquency, or the
probability of failure.

this toplc wousd you find useful

et machin




Applications

Overall Integrated Design Process

Robust Design of Fuel Cell Stack
Power Electronics Cooling with Behavioral Modeling

Design For Six-sigma in Battery Thermal
Management

- Design of Experiments Techniques
for Road Load Reduction

- Catalytic Converter




FORD_ Thmk Mobllrl'y Design Optlmlzahon

Space Claim
Envelope
Suspension
Optimization

=

Topology Optimization Crash Simulation




Applications

Overall Integrated Design Process
FORD Think Mobility Design Optimization

Power Electronics Cooling with Behavioral Modeling

Design For Six-sigma in Battery Thermal
Management

- Design of Experiments Techniques
for Road Load Reduction

- Catalytic Converter
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Sensitivity of Design Variables on Pressure
Uniformity Ag, of First Membrane
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Applications

Overall Integrated Design Process
FORD Think Mobility Design Optimization
Robust Design of Fuel Cell Stack

Design For Six-sigma in Battery Thermal
Management

- Design of Experiments Techniques
for Road Load Reduction

- Catalytic Converter




Power Electronics Cooling with Behavioral Modeling
Enabling Critical Technologies

Direct Hydrogen Fuel Cell Vehicle

Multi-Physics Modeling
conjugate solutions of thermal, y

StrUCth'a/, T E”‘ I~*-“ “s'.' Airiss»uppl;ed:mhe fuelfells-
fluid-flow,

electromechanical problems




Power Electronics Cooling with Behavioral Modeling

Project Goal :
Develop a heat exchanger design to efficiently remove heat
from AIPM and reject it into the vehicles coolant loop with
uniform cooling, minimum cost, volume and pressure drop.

Objective:
|dentify which cooling concept the NREL team should pursue
further: 3

Pin-Finned Design
“Cook-top” serpentine flow field
“Fish bone” fins

Carbon Foam




Conjugate Solution of CFD and Heat Transfer

NCDAL SCLOTICY

STER=1

SUB =1

TIMFE=1

TFEMP (AVG)
R3YS=0

SM =60.435
M. =063..155

ANSYS

DEC 20 2002
11:17:08
i

 wmlm el o
e
Bocecee

FLOW TRACE

STEP=1

SUB =1
VaUM

SMM =2.221

T

Lo87z242
32 1.234




Parametric Modeling - Rapid Investigation of Design Space

Max Temperature vs. Pressure Drop

d P Target ¢ pin height = 0.001

¢ pin height = 0.003
& pin height = 0.005
— — Pressure Target

— — Temperature Target

max Target

e
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20000.0 40000.0 60000.0 80000.0 100000.0

Pressure Drop (Pa)




Applications

Overall Integrated Design Process

FORD Think Mobility Design Optimization

Robust Design of Fuel Cell Stack

Power Electronics Cooling with Behavioral Modeling

Design of Experiments Techniques
for Road Load Reduction

- Catalytic Converter
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Sensitivity of Design Variables on Max Tem perature
Air Gap

Sensitivity Analysis

+ Sensitivity of the design
variables on the response
attributes

- The flow rate has the most
impGCT on the maximum Sensitivity of Design Variables on dT
temperature

All three input design variables
have about equal effect on the

Flow Rate
Resistance

Flow Rate Rk

temperature differential

The internal battery resistance
has no effect on the pressure Resistance
o[dle]s}

Sensitivity of Design Variables on Pressure Drop

Flow Rate Air Gap




Design Space with ¢ Quality Regions T, .

Design Space with Sigma Quality Regions for maxT
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Applications

Overall Integrated Design Process

FORD Think Mobility Design Optimization

Robust Design of Fuel Cell Stack

Power Electronics Cooling with Behavioral Modeling

Design For Six-sigma in Battery Thermal
Management

- Catalytic Converter




Design of Experiments Techniques
for Road Load Reduction

ANSYS

NREL Parametric ‘

Tire Data
(Geometric, Material
Loading, Modeling)

DOE

Optimization _ / __
Enrich - p, o
e Execution at ORNL
Data Base FEA Results Supercomputer
3600 CPU hours

Improving the loads prediction capability using an
accurate tire model would assist in minimizing vehicle
weight while creating durable vehicle structure




Tire Geometry Morphing

1
ELEMENT &

MAT NIM

L=y

| HT=0.4635,

ANSYS

MaAY 18 Z001
ZEZ:32:58

WE=4. 7355964,
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Applications

Overall Integrated Design Process

FORD Think Mobility Design Optimization

Robust Design of Fuel Cell Stack

Power Electronics Cooling with Behavioral Modeling

Design For Six-sigma in Battery Thermal
Management

- Design of Experiments Techniques
for Road Load Reduction




Catalytic Converter Section




Catalytic Converter Failure Avoidance Study

If A= D0 Prins Tallowable €XNibITS a given
variation identify the supplier
specification (maximum standard
deviation of A) in order to achieve six-
sigma quality

> ANSYS

m. - NOv 20 2001
P ULIENY - Ay 11:03: 45
17

—.063321 —.047782 -.032243 —.016705 —-.001166
—.055551 -.040013 -.024474 —.008935 006603

delta=1.05 mm, R1=52.5 mm, max P=1.32154157 MPa, max ss=0.562060164 MPa




Applications

Overall Integrated Design Process

FORD Think Mobility Design Optimization

Robust Design of Fuel Cell Stack

Power Electronics Cooling with Behavioral Modeling

Design For Six-sigma in Battery Thermal
Management

- Design of Experiments Techniques
for Road Load Reduction

- Catalytic Converter




Y

Inverters

How can you use
these techniques in
your program ?




